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Rl Model Review
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Model Development
Group

280) ...The word “objects” should be “objectives.”
281) ...The sentence is missing the word “of” between the words “source” and “selenium.”
282) ...Please edit the phrase “Time for pore volume to infiltrates....”
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* Quantify source area contributions to
Springs Complex
* PanelsA,B,CD,E

: * Pole ODA
M Od € I In g * Represent Site conditions changing
Objectives over time and subsequent selenium
transport

* Active mining
* Reclamation
* Removal Action(s)

Site-Wide Modeling

Process

South-end is flow system reporting Gia/Source Term Model

Custom scripts

to Springs Complex s Loading (t, xy)
North-end is hypothetical northerly
flowpath
North End [ South End

Model development focused on ‘
South-end Analytical ‘ Analytical
North- and south-end models are Moget Custom scrpts Maad
based on the same GIS/Source
Term Model

MODFLOW

/MT3D



Model
Development g
Group, circa
1/23/2014

¢

* ROM backfill
* Storm water

* Reclamation/cover type

GIS/Source Term

bance and Reclamation L

Mine Disturbance and Reclamation

North end

South end

RasbfilllC vtarnal MMNA AMatarial T




Backfill Sources

» Data sources:
* Annual Operations Reports
* Elevation data
* Aerial images
* Historic CAD drawings

Warm colors (reds, oranges,
and yellows) represent areas
where materials were removed.

Legend
| Mine Pit Outines.
2008 Grid - 2007 Grid

* Identification of Backfill Sources
Using Elevation Differences

Cool colors (greens and blues)
represent areas where

materials were placed.

\ Approximate mine

pit boundary

Storm Water Sources

* Data sources:

» CAD drawings of Areas of Enhanced
Infiltration provided by Mine personnel

Stormwater Pollution Prevention Plan
(SWPPP) maps

Annual contours (watershed analysis)

Discussions with Mine personnel

Geophysical studies (Willowstick
Investigations)




Watershed Analysis

* GlS-based analysis : haess ag e 25-ft. contours obtained
; i ; ‘4 from annual flight
* Estimate of run-off 1

jags: Model grid
* Run-off to ROM? : / odel gri

= Se source to groundwater SR H Approximate watershed based
G on analysis of topography

AL

Model grid cell where runoff
from watershed reports
(may be over backfill)

chmate
4
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Infiltration Modeling W
* Simulate the water balance, by
year, for each cover type (net
percolation) ¥ oot
percolabon
“Net percolation” — the infiltrating B
water that migrates beyond the oo tapsal b b <l bovp o e ooy
| ). : b overburden overburden
active zone and into the underlying ;
. L ¥ F o
i '

1985-1989 2000-2006 2007-Future 2012-Future
Pole Canyon ODA B8 CPaneis Maost of E-Panel Portions of E-Panel
1990-1999 Portions of D-Panel Pale ODA NTCRA F&G

South A-Panel Portions of E-Ponel

Portions of D-Panel



Land Use/Cover Types

Open pit e ot
Partially backfilled (unvegetated, no runoff)

Covers (vegetated & unvegetated)
Backfilled pit/ODA (overburden only)
Topsoil (0-6 in), overburden
Topsoil (1 ft), chert (6 ft), overburden
Dinwoody (3 ft), chert (2 ft), overburden

» Topsoil (1 ft), Dinwoody (2 ft), chert (2 ft),
overburden

Net Percolation (inches/year)

“Store and Release Cover” — Topsoil (1 ft),
Dinwoody (3 layers at 1 ft each), chert (2 ft),
overburden

Precipitation Scale —>

* Temperature

*  Slug Creek/Smoky Guard Shack regression (1984-2004)
*  Smoky Guard Shack Automated (2005-2010)
* Bully Barn (2011)
»  Slug Creek/Smoky regression (2012)
lI'l * Relative humidity, wind speed — NOAA Pocatello
* Solar radiation — calculated based on latitude
Cl | mate Data * Precipitation
*  Smoky guard shack
* Automated daily (2005-June 2011)
* Manual monthly (2000-present)
*  Slug Creek Divide NRCS SNOTEL
» Automated daily (1984 to present)
* Monthly sums not to exceed manual Smoky data

Precipitation (inches/year)
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* Estimate for each cover type for each year

* 1984 - 2015
* 2016 - 2050 (synthetic)
Illl * Summarized in lookup table
Infiltration $
Model Output * Analytical Model

* GIS (location, time, presence of backfill)
* Infiltration (location, cover type, rate)

* Source term (time and load)

* Transport to springs

* GIS “integration & automation”

* Link to yearly mine disturbance and reclamation info
Maps = GIS = Model = Predictions

* Location of sources areas thru time
* Infiltration by cover type thru time
* Enhanced infiltration (location and volume)

An a lytl Ca I * Infiltration Modeling

|
\
|
+ HELP, VADOSE/W ‘
M O d e | « Infiltration rates by cover type thru time

* 1-D Transport ‘

* Smoky’s unique groundwater setting allows the use of a less
complex modeling approach

* Transport from source areas to the Springs Complex
+ Se loading at Springs Complex
* Se concentration at Springs Complex

12/18/2018 DRAFT 16




“Analytical Model”
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Physical Attributes VI el GIS integration & automation
ACRE ACRE | YEAR Disturb. & rec. maps

Infiltration by cover type
oM ZONE Source location (backfill & ODA)

v
v
S —————— v “Flow zones”
Source Con Distance v : :
ACRE | YEAR e Distance to springs

A

 Infiltration Rate v"‘:&:}uifer Propertyu
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Microsoft® Access
v Transport calculations

s o v' Mass loading summation
i DQEE,{RPOIE v' Tables for observation

comparison

Hoopes + SFSCS A+D+E+Pole Microsoft® Excel
(e YEAR v Simulated vs. observed

L R R R R

N RSN NANNE R RN AREEE ANNNSANRENN AR RERER N RN

“ACRE” = 1 acre grid cell
“YEAR" = Model attributed on yearly time period

Distance from source (m):

a8

3048

Transport Methodology EERE— ¢

10000 20000 30000 40000

Time since release {days):

Saturated flow, 1-D transport

36500

os
gl ——— TRANSID (al
Van Genuchten and Alves (1982) Eoa S
g (.

Continuous or finite source o S000 10000 15000
Data source: Trans1d. mdb

Linear sorption, first order degradation

Developed by H. Dawson (Co. School of Mines, EPA) =

Formation implementation for Smoky

Verified against s solution

Grid-based (1-acre grid cells) w  J

-

3) Compare to spring observations _>g
I

For each source cell (backfill and ODA), § ot '

each year i v
Inputs v
. Velocity K*i/n, (site data, calibration) P

: b 10
rature, calibration) 1) Sum cells in panel, by year _j

Distance 1980 1990 2000

Source concentration (column test, time)

Mass Arrival at Springs Complex

Yearly Source




Source Term

Concentrations based on column tests
Convert pore volume (PV) to time consistent with F&G EIS
Time pore volume infiltrates through overburden

me * Porosity * Pref. Flow Factor / Infiltration rate

Key Assumptions
. All overburden is

Time is

Example:

Volume * Porosity * Pref. Flow Factor / Infiltration rate
100 ft * 0.3 * 0.5 / 0.25 ft/yr = 60 years

Analytical Model

* Estimate of relative
contribution of selenium
loading by panel

» Total loading at spring complex

DRAFT
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Panel F Backfill and External Fill

PV-1

—BV2

Pore Volume

PVS

Panel F Backfill and External Fill

v = 4.100529€-10x* - 4.440476E-07%" + 1.484881E-04x* - 1.966607E-02x + 1.000000+00
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RI North-End Model

[East Smoky PDEIS indicates southerly flow]

RI North-End Models

| GIS/Source Term Model Custom scripts
; Loading (t, xy)
Source-Term Calibration Groundwater Concentration Predictions
; Analytical Model | MODFLOW/MT3D ‘
GW-IW Analysis | ED I z ; 1 .
Capture Zone Tests | HorFmping ; Fumpleg
Y Scenario ! Scenario
Source Conc., (all north-end source (north-end source
Velocity areas; post-mining areas outside GW-IW
conditions) capture)

} GW-CO 3 :
Response
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RI South-End Model
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EXAMPLE CAPTURE
ZONE TEST CASES
DRAFT
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RI Analytical |“ l II““
Model Results oL LRRLLLLL

Based on advective velocity = K*i/n,

°
=
@
N
-4

Arrival curve example:
finite source

Note: transport model accounts for e -
. & 1 ime since release (days):
velocity and dispersion s
= 04 /\
?DI
o
o 5000 15000

Advection: K*i/n,
12/18/2018 Advection + Dispersion
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FS Model

All Wells FM groundwater reports to the springs complex,

less capture at Industrial Well

Updates from East
Smoky PDEIS
(assures
consistency)

Southern flow regime definition
Capture zone/timing of industrial well
pumping
Transport velocity consistency

» East Smoky = Analytical model

e =30-year transport time from
northern area to Hoopes Spring

Panel B/C source-term verification



B/C Source
term

verification
East Smoky backfill << B/C

Source term assumption is high

12/18/2018

Lysimeter

Data

12/18/2018

Sglenium in Leachate (mg/L)
Mine Area/Alternative Column Tested Material pv-1 |l eva2 PV-3 PV-4
; |Proposed Action ROM-U1 Run-of -Mine (ROM) Backfill 0.076 " 0.006 0.0031 0.0021
East Smoky Panel
Reduced Pit Shell ROM-WA  |Weighted Average 00526 (| o00s1 | o.0062 =
Panels B&C ™ ROM [ROM Backfill 0181 || o.0es 0.047 -
Panel F* ROM Backfill and External Fill 0.532 I 0.136 0.1 0.055
Smoky Canyon -
Panel 6 ROM Backiill 06 | oms 0.067 0.037
Panel G ROM External Fill 0.739 I 0.138 0.078 0.043

Figure 3. Generalized Cross Section Comparing the Proposed Action Pit Shell to a Potential Alternative

DRAFT

Deep Dinwoody Lysimeter, Water Year 2014-2017

30

25

N
(=]

Net Percolation (inches/year)
G

£&—— Site-specific
precipitation data,
1984 - 2012

2000 2004

29

50

Precipitation Scale --->

1 Synthetic (HELP model)
| ——> precipitation data,
! 2013-2050

A

1
1
U
1
1
1
I
1
1
1

2008 2012 2016 2020

204

2028

-
2032

2036 2040

= Topsoll and Chert

| =—=store and Release Cover

e Natural JUndisturbed

(Direct Veg o

v Open/Partially Backhiied Pt

Dinwoody and Chert

30

10

Precipitation (inches/year)



Lysimeter
Data
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Lysimeter

Data

12/18/2018

Deep Dinwoody Lysimeter, Water Year 2014-2017
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Estimated Percolation

Pole Cover

.. v

Dinwoody
3f

Chert
2ft

Overburden

Precipitation

Pole cover

Deep Dinwoody

Available water holding
capacity = 1 mm/cm
(Deep Dinwoody Lysimeter)

=4.8 inches storage




Storage Capacity

High level summary

» Deep Dinwoody store and release
» Designed with low permeability layer

» Low K layer evolved thru wetting and
drying... 1e-6 = 2e-5 cm/s

* No longer permeability limited

» Perc limited by storage capacity of “fines”

» Pole is perc limited by storage capacity

+ “Storage capacity”

» Hold water during periods of no ET

12/18/2018

Water Balance Flux (mm)
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| ——Measured Change in Storage

706 mm

= Calculated Change in Storage | P ET&
PRECIP
Storage
A 200
)
PERC e (il b .S o~ 228 mm
b Bl 100
T L e 3“7 stmm .

Oct-2015

g 2 g g g g 2 2 g 2 2 2
§ 3 8 %8 8 8B §8 8 8 §8 § 8
F o e & % > & 3 ®©

5 § § 238 35§ 53 § 5§88

Panel F Backfill and External Fill
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Column leach results: Concentration per pore volume
Modeling = pore volume to time:

Avg. overburden thickness / rate = time
(Thickness x Porosity x Preferential Flow) / Infiltration = years

Change in Storage (mm)




EPA (2002)
Soil to

e R R e ey S o

of Dilution

Factor

Dilution
Attenuation *
Factor (DAF)

Kxixd
IxL

1%

Parameter/Definition (units) Defautt
DAF/dilution attenuation 200r1
factor (unitiess) (0.5-acre source)
Groundwater oty s —
conductivity (m/yr) i
imydraulic gradient (m/m) Site-specific Estimation of Mixing Zone Dapth
Pathway . |
d/mixing zone depth (m) Site-specific d' (0.0112L%P% %d,(1&expl(&L*IVK*ixd,)])
Usource length parallel to Site-specific
ground water flow (m)

Parameter/Definition (units) Oefauit
spth (m) Site-spocific
paralle! to ground water flow (m) Bua-specific

428 (miyr) Site-spocific
nvequwer nyarsulic conductivity (mAyr) Site-specific
ihydraulic gradient (mim) Site-specific
dagulter thickness (m) Sitespecific

808 Wyt wns OSWER 9366 ¢-34
Emergency Decembnr 2002

SUPPLEMENTAL GUIDANCE FOR
DEVELOPING SOIL SCREENING
LEVELS FOR SUPERFUND SITES
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Mixing model to estimate Dilution and Attenuation Factor

EPA (2002)
. Conservative, simplified assumptions :
SOI I tO * Infinite source

* No contaminant attenuation

G F GCLR) d Wate & * Homogeneous and isotropic hydrologic properties

* “Receptor well” at the down gradient edge of the source
Pathway and screened within the plume.

SECTION VIEW
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Location
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GW-25

12/18/2018

Groundwater
EEY
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GW-25 - Wells Formation Southeast of Panel E
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DRAFT 37

Estimated Concentration at GW-25 w/simple mixing model

- 3infyr 4infyr —————— Ginfyr 8infyr —=—— GW-250bs Estimated Source Term
Mixing Factor

* Groundwater concentrations at GW-25 in/yr DAF

suggest infiltration =4 in/yr 8 1.4

* One line of evidence that lysimeter data & 1.55

are m:er:stlmatlng long-term 4 1.82

percolcation 3 54



Summary of Model

Update

RI' & FS

Models

12/18/2018

* Incorporated site specific data from
East Smoky

* Incorporated Deep Dinwoody
lysimeter data

* Evaluated consistency with recent
groundwater and surface water data

Estimated Selenium Concentration at the Springs Complex

0.12
Hoopes (HS-3)
Q.10 roemmacsssmimmmssssrmssscssnosesiossmsicssonte Mgt secsisssssomimsssirmvessssassn srmsstsermsssseyscsssosmsissssomssssss wrdsls dooseg Hoapes [RI)
B — SF5C (low flow)
SFSC (R1)
<g 006 1 Aquatic Standard
BR ey o Ul Teegy,






